Specification of the somitic and intermediate mesoderm in the avian embryo  by Kamei, Caramai N. et al.
Program/Abstract # 203
Heart beat is an epigenetic factor that regulates
cardiogenesis through synergistic actions of Tbx5 and
MRTF-B
Toshihiko Ogura, Keiko Ogura, Shuhei Kakizaki, Asami Suto,
Yasuyuki S. Kida
Department of Dev. Neurobiol., IDAC, Tohoku Univ. Sendai,
Japan
Members of the T-box family play fundamental roles during
pattern formation of hearts. However, transcriptional machi-
neries of Tbx5 have not been explored in detail. In search of co-
activator(s) for Tbx5, we have found that a member of the
Myocardin family co-operates with Tbx5 to activate ANF
(Atrial Natriuretic Factor) promoter. Tbx5 and MRTF-B form a
complex to activate it in a synergistic manner. Formation of this
complex was enhanced by co-expression of constitutively
active forms of RhoA and Daam1, essential components of the
non-canonical Wnt cascade. In accordance, co-expression of
Tbx5 and these factors results in robust activation, which hits
almost 1000-fold. By in silico study, we identified three MRTF-
related genes in zebrafish genome. In the morphants of these
genes, heart-looping defects were observed with stagnation of
blood flow, similar to the Tbx5 morphant, with decreased ex-
pression of ANF, as well as abnormal behaviors of cardiomyo-
cytes. Surprisingly, sub-cellular localization of MRTF-B is
dependent on heart beat; in beating heart, MRTF-B is in the
nucleus, whereas it shuttles out to the cytoplasm when heart
beat is arrested. This suggests that mechanical stresses gene-
rated by beating is an epigenetic factor that controls cardiac
development, highlighting MRTF-B as a molecule that links
physical forces and transcriptional control.
doi:10.1016/j.ydbio.2007.03.264
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Motoneurons influence angiogenesis in the developing
zebrafish via class 3 semaphorins
Ryan Lamont, Sarah Childs
Department of Biochemistry and Molecular Biology,
University of Calgary, Calgary, AB, Canada
Themechanisms of neural and vascular patterning havemany
similarities including a reliance on similar sets of guidance
molecules. Furthermore, physical interactions between the
angioblasts/endothelial cells and neurons have been shown to
pattern the vascular system during development. In zebrafish
embryonic development, blood vessels in the trunk are guided to
grow in a stereotypical pattern. The intersegmental vessels (ISV)
of the trunk sprout from the dorsal aorta at approximately
19 hours post fertilization (hpf) and migrate dorsally, restricted
caudally, rostrally, and laterally by the somites and medially by
the notochord and neural tube.We show that growing ISVs come
into close proximity with motoneuron cell bodies, but not with
their axons. In order to further understand how ISV growth is
guided by neural structures of the trunk, we have identified
members of the semaphorin family of guidance molecules that
influence endothelial cell migration in the developing zebrafish
trunk. Knockdown of semaphorin3e causes bifurcation of the
growing ISV in the region of motoneuron cell bodies, suggesting
that motoneurons specifically influence the migration of angio-
blasts forming the ISVs.
doi:10.1016/j.ydbio.2007.03.265
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Exploring the role of Mix in mesoendoderm and blood
specification in amphibians
Gemma Swiers, Andrew Johnson, Matthew Loose
Institute of Genetics, University of Nottingham,
Queen's Medical Centre, Nottingham, NG7 2UH, UK
Blood originates from mesoderm, yet currently the mechan-
isms underpinning this are poorly understood. Brachyury and the
7 Mix family members play important roles in specifying
mesoderm and endoderm inXenopus laevis and someMix family
members can induce blood inXenopus animal cap explants. In the
mouse haemangioblasts arise from a Mix+Brachyury+Flk-1+
population in vitro. In Xenopus these genes are not co-expressed.
Work in the urodele amphibian,Ambystomamexicanum (axolotl),
suggests early patterning events, such as germ cell specification,
are more similar to mammalian systems than Xenopus. To
investigate if this applies to other developmental mechanisms, we
have cloned an axolotlMix homologue (AxMix). Importantly, we
believe this gene is present as a single copy as found in humans
and mice. We report AxMix expression from stage 9 to stage 25,
overlapping temporally with both AxBrachyury and AxFlk-1. By
in situ hybridisation we show AxMix expression in mesoderm
and endoderm, with expression initiating dorsally and extending
ventrally. As gastrulation proceeds expression is restricted to
endoderm and ventral mesoderm. In contrast with reported
expression patterns in Xenopus, AxBrachyury only overlaps
AxMix ventrally, marking the ventral blood island. AxMix
persists in posterior ventral mesodermwhere it later overlaps with
AxFlk-1. We are now analysing whether these genes are co-
expressed spatially earlier and if blood originates from a Mix+-
Brachyury+Flk-1+ population in vivo in the axolotl.
doi:10.1016/j.ydbio.2007.03.266
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Specification of the somitic and intermediate mesoderm in
the avian embryo
Caramai N. Kamei 1, Richard G. James 1, Herve Kempf 2,
Andrew Lassar 2, Thomas M. Schultheiss 1
1 Molecular Medicine Unit, Beth Israel Deaconess Medical
Center, Boston, MA, USA
2 Harvard Medical School, Boston, MA, USA
The intermediate mesoderm (IM) is a strip of tissue between
the somitic mesoderm and lateral plate mesoderm which gives
366 ABSTRACTS / Developmental Biology 306 (2007) 355–368
rise to kidneys, gonads, aorta and red blood cells. Very little is
known about how this tissue is initially patterned. Previous
work from our lab has shown that Bmp signaling can induce
the earliest IM gene – Odd1 (also known as Osr1) – in a dose-
dependent manner. However, this effect is indirect, implying
the existence of other genes in the pathway downstream of
Bmp signaling. A microarray screen for genes regulated by
Bmp revealed several candidates for genes mediating this
mesodermal specification. A subset of these genes consisted of
transcription factors such as Gata4, Gata5, Id1–4, Msx1,
Msx2, Tbx6 and Meso1. We are currently characterizing the
function of these genes with respect to mesodermal patterning
using in vivo electroporation, whole mount in situ hybridiza-
tion and RT–PCR techniques. These genes may not only
induce Odd1 expression, but also repress somite genes, in this
way ultimately defining the border between IM and somitic
mesoderm in response to Bmp.
doi:10.1016/j.ydbio.2007.03.267
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A proliferative role for Pax3 and Pax7 in the chick somite
Rachel S. Kadzik, Tiffany L. Barnes, Lisa M. Galli,
Laura W. Burrus
Biology Department, SFSU, San Francisco, CA, USA
Pax3 and Pax7 are closely related members of the paired-box
transcription factor family that are important in muscle deve-
lopment in the vertebrate embryo. Our lab previously showed
that signals such as Wnt-3a that maintain or induce Pax3 and
Pax7 expression in the dermomyotome also cause an increase in
proliferation. Other labs have suggested that Pax3 and Pax7 have
redundant roles in the early embryo. We therefore hypothesized
that Pax3 and Pax7 function as positive regulators of prolifera-
tion during myogenesis. Immunostaining for endogenous Pax3
and Pax7 in chick somites shows differences in Pax3 and Pax7
localization that are established early. To determine if Pax3 and
Pax7 have proliferative roles in vivo, we electroporated somites
with Pax3 constructs, RNAi targeted to Pax3, and Pax7
constructs. Evidence from the overexpression and knockdown
of Pax3 in developing somites indicated Pax3 is sufficient and
required to increase proliferation. Conversely, overexpression of
Pax7 caused a decrease in proliferative cells. These results
strongly suggested divergent roles for Pax3 and Pax7 with
respect to proliferation. Because these results were unexpected,
we investigated if the effects of Pax3 and Pax7 on proliferation
could be due to the presence of alternative transcripts. We iden-
tified alternative transcripts of Pax3 and Pax7, including a novel
transcript of Pax7. When the Pax7 isoform was overexpressed in
somites, there was increased proliferation, similar to the effect of
Pax3. Cumulatively, our results indicate that both Pax3 and Pax7
have a positive effect on proliferation in somites, but this effect is
dependent on which isoform of Pax7 is expressed.
doi:10.1016/j.ydbio.2007.03.268
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The transcription factors Foxa2 and Noto pattern three
distinct rostrocaudal regions of the axial midline in mouse
Owen J. Tamplin 1, Yojiro Yamanaka 2, Achim Gossler 3,
Janet Rossant 1
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The organizer is a highly conserved signaling centre in the
vertebrate embryo that is required to establish the basic body
plan. The mouse organizer or node is a transient and mixed
population of cells that creates different tissues in the axial
midline. We present time-lapse movies that support the idea that
axial mesoderm, or notochord, has distinct morphogenetic ori-
gins in the anterior, trunk and tail regions. The anterior noto-
chord arises by condensation of dispersed progenitors, the trunk
notochord arises by convergent extension, and the tail noto-
chord arises from posterior migration of node-derived cells. The
genetic hierarchy of conserved regulators known to pattern the
notochord along the rostrocaudal axis mirrors these morphoge-
netic distinctions. Our group and others have reported that
Foxa2 is necessary for notochord formation in all regions of the
midline. This study reveals patterning of the axial midline is
also tightly linked to Foxa2 gene dosage. The Noto null mouse
was reported as having only partial penetrance of tail notochord
defects. We found that Noto null embryos that also lack one
copy of Foxa2 have severe defects in trunk notochord. Our data
also shows that Noto, like its zebrafish homologue, has a role in
controlling the fate decision of organizer cells to adopt either an
axial or paraxial mesoderm fate. It will be interesting to explore
how the early rostrocaudal patterning of the axial midline
correlates with anterior–posterior domains in the overlying
central nervous system.
doi:10.1016/j.ydbio.2007.03.269
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Keratin expression during the development of mouth
Sungwook Kwak, Min-Jung Lee, Han-Sung Jung
Division in Anat. and Dev. Biol., Department of Oral Biol.,
College of Dentistry, Yousei Univ., Seoul, Korea
The mouth, the entrance to the digestive tube is formed at the
boundary between ectoderm- and endoderm-like anus during
development. Except for the teeth, the mouth is lined by a
stratified squamous epithelium, with a submucosa present only
in certain regions. The aim of this study was to analyze the
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